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Abstract 
Our aim is to design a peculiar model on UAV which is helpful in different fields for reducing man power. And so 
we introduce our model with two pair of ducted fans of different sizes. These ducted fans are mounted on the model 
as forward and rearward manner. Two of the ducted fans are of same sizes and are fitted in forward and it can be 
tiltable while the rest of the ducted fans are fitted in rearward which is stable. This UAV can be took off and landed 
at its vertical position itself. Once the UAV is launched in the air from its position other turning movements can be 
achieved by forward tiltable ducted fan. Rearward ducted fan is mainly used for stability control. This model can be 
used in patrolling service. In phase - I we have designed a new model by Auto Cad 2007 software. Moreover we 
have studied about the different UAV models and their performance in mission. In phase – II the fabrication work 
has been done according to the specifications and design. A successful project has been done through our innovative 
design.  
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1. INTRODUCTION 
This project aims to assert an initial conceptual 
design for a small-sized Tiltrotor UAV and explore 
its dynamics, and determine control strategies and 
requirements for a manufacturable model that can be 
realized with the hobbyist’s model airplane parts. 
With that purpose, simulation programs are prepared 
in order to obtain the numerical results for the design 
phases. The geometrical design of the aircraft is 
performed with modeling of all the components 
individually, and then combining them together in 
order to form the full aircraft model. Then, 
aerodynamical model is constructed based on the 
geometrical model, and it is used to simulate the  
 
 
aircraft in flight, with the purpose of obtaining the 
forces and moments generated. Trim points have 
been calculated for navigation states, that 
encapsulates the entire flight envelope. Analytic and 
numerical linearization techniques are utilized in 
order to obtain linearized state-space models around 
the trim points. 
Although the main textbooks about helicopters and 
airplanes make certain assumptions, for the sake of 
simplicity, these assumptions are avoided wherever. 
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2. PURPOSE AND SCOPE OF THE 
PROJECT 
This study aims to assert an initial conceptual design 
for a small-sized Tiltrotor UAV, explore its 
dynamics, and determine control strategies and 
requirements for a manufacturable model that can be 
realized with the hobbyist’s model airplane parts. 
With that purpose, simulation programs are prepared 
in order to obtain the numerical results for the design 
phases. The geometrical design of the aircraft is 
realized with modeling of all the components 
individually, and then combining them together in 
order to form the full aircraft model. Then, 
aerodynamical model is constructed based on the 
geometrical model, and it is used to simulate the 
aircraft in flight, with the purpose of obtaining the 
forces and moments generated. Trim points have 
been calculated for navigation states, that 
encapsulates the entire flight envelope. Analytic and 
numerical linearization techniques are utilized in 
order to obtain linearized state-space models around 
the trim points. 
The stability characteristics of the aircraft are 
examined from the linearized models, with the 
inspection of the eigen values. An LQR (Linear 
Quadratic Regulator) based optimal control system is 
designed in order to control the Tiltrotor UAV for the 
overall flight envelope.  
When the aircraft gains forward speed in level flight, 
it is expected that the trim points will guide Tiltrotor 
UAV from helicopter mode to conversion mode, and 
when 3 the cruise speed is reached, finally to the 
airplane mode. In these mode transitions, the trends 
in the trim input values are expected to tell us, how 
the conversion is accomplished from the control point 
of view. Considering the power requirements, less 
power should be required in the airplane mode and 
descends much power in the helicopter mode and 
ascends, and in-between power levels for the 
conversion modes. 
Although the main textbooks about helicopters and 
airplanes make certain assumptions, for the sake of 
simplicity, these assumptions are avoided wherever 
possible, for the sake of revealing the true 
characteristics of this conceptual aircraft. 
3. CONTRIBUTIONS 
The main contribution aimed in this paper, is the 
introduction of the conceptual design of a small-sized 
Tiltrotor UAV, which may perform well in 
reconnaissance, surveillance, search-rescue and 
disaster observation missions, with its vertical takeoff 
landing and high-speed, efficient level flight 
capabilities. Also, with the help of GUI-based 
software’s prepared in this work, modeling, 
trimming, linearization, investigation of stability 
characteristics, and control system design have 
become easy, allowing the designer to make any 
trade-offs for the initial design, in order to meet the 
desired performance specifications. Tiltrotors have 
helicopter-like controls in the helicopter mode, 
helicopter-airplane-like controls in the conversion 
modes, and airplane-like controls in the airplane 
mode. The idea asserted in this paper for controls, is 
that two tiltrotors where RPMs and tilts can be set 
independent of each other, for all modes of 
operations. Tiltrotor UAV’s aerodynamical 
simulations are conducted using look-up tables of 
aerodynamical coefficients of airfoils, instead of 
using simplified formulas, due to the increased 
nonlinearity of these coefficients in small-scale, in 
order to obtain more realistic results. A general trim 
algorithm is proposed in order to obtain trim 
conditions for the overall flight envelope. In addition, 
an LQR based control system design for tiltrotors is 
proposed.  
4. CONCEPTUAL DESIGN 
EXPLORATION 
4.1 Existing Aircraft 
Autonomous takeoff and landing has been 
successfully demonstrated in many fixed wing 
aircraft of varying sizes and configurations. In fact, 
several commercial autopilots are available with built 
in takeoff and landing functionality. However, for 
fixed wing aircraft, the takeoff and landing 
maneuvers typically consist of standard runway 
approaches and required well prepared terrains with 
minimal obstructions. The requirement of these 
International Journal of Research and Innovation in Engineering Technology                  ISSN: 2394 – 4854 
Volume: 01 Issue: 02                                                                                                                           Pages: 27 – 34  
_____________________________________________________________________________________ 
 
 
M.Vijayan, Marlon Jones Louis, M.Sathiesh Kumar      IJRIET | July 2014, Available @ http://www.ijriet.com                                                                 
______________________________________________________________________Page: 29 
 
vehicles to y above stall speed further restricts 
landing sites to regions with sufficient above ground 
clearance to descend and land. This restriction 
prohibits the use of such systems on unprepared, 
uncooperative terrain or in areas with cluttered near 
earth environments. Helicopters and other rotary 
aircraft have typically been used to circumvent this 
issue, however, as mentioned previously, the lack of 
available surface area on such vehicles prohibits their 
integration with solar cells. In order to bridge the gap 
between the performance of fixed wing aircraft and 
the takeoff and landing capabilities of rotary vehicle, 
a number of hybrid designs have been proposed that 
consist of both an articulated or fixed rotor that 
allows the vehicle to take off and land vertically and 
a fixed wing area for efficient forward flight.. Several 
designs, like the Boeing X-50 Dragon-y use the fixed 
wing as a rotor during vertical flight and then lock it 
in loading for integration with solar cells. 
4.2 Mathematical Modeling 
Since the dynamics of the aerial vehicles are very 
complex, the accurate models for a large portion of 
the flight envelope are difficult to collect. However, 
some techniques have been developed like 
mathematical modeling and system identification, 
different but complementary techniques. By 
mathematical modeling, the linear models at trim 
points are calculated. The main drawback of this 
technique is the requirement of many physical 
parameters. The system identification technique 
requires the treatment of the time response data or the 
frequency-response data obtained from the flight 
tests. The main problem with this technique is the 
difficulty of simulating the full envelope and 
realizing the flight tests, which are expensive and 
time-consuming. By combining these two techniques, 
accurate models may be generated for the flight 
simulations. Since the small-sized Tiltrotor UAV is a 
conceptual design, only the mathematical modeling 
technique is used in this thesis. 
4.3 Design Calculations 
The complex 3D rotor flow field in the rotating frame 
of reference is replaced by a simplified “actuator disc 
model” originating from the simultaneous use of the 
radial equilibrium equation, energy equation and the 
conservation of angular momentum principle across 
the fan rotor. The radial equilibrium equation is the 
force balance in the radial direction at a given axial 
position, balancing the pressure forces in radial 
direction with the centrifugal force. 
In this approach, a pressure change term is computed 
at each radial position of the rotor from hub to tip. 
The magnitude of the static pressure jump term 
across the rotor is closely related to the amount of 
stagnation enthalpy change from the rotor inlet to 
exit. The stagnation enthalpy increase from the rotor 
inlet to exit is the same as the rate of energy provided 
to the fluid by the rotor per unit mass flow rate of the 
duct flow. The conservation of angular momentum 
principle and energy equation suggests that the 
magni- tude of this jump is mainly controlled by the 
tangential (swirl) component cθ2 of the flow velocity 
in the absolute frame of reference at the exit of the 
rotor and rotor angular velocity. 
The velocity triangles of the ducted fan rotor at inlet 
(1) and exit (2).β1 and β2 are the blade inlet and exit 
angles measured from the axial direction. Since the 
tip Mach number (0.28) of the rotor is not in the 
compressible flow range, it is reasonable to assume 
that the internal energy at the rotor inlet e1 and exit 
e2 is the same, e1=e2 . In a ducted fan rotor, it is 
realistic to assume that the “axial component” of the 
abso- lute velocity vector is also conserved from inlet 
to exit cx2=cx1. The flow is assumed to be axial at 
rotor inlet where c1=cx1 and cθ1 = 0 under design 
conditions. The relative velocity vector at the exit of 
the rotor w2 is smaller than the relative velocity w1 
at the rotor inlet. While the relative flow w2 is 
diffusing in the relative frame of reference, the 
absolute flow velocity vector c2 is accelerated at the 
rotor exit, because of added energy to the flow by the 
rotor. 
Equation 3.1 represents the change of stagnation 
enthalpy in the ducted fan rotor system. The right 
hand side of this equation is the rate of work per unit 
mass flow rate of air passing from the rotor. The right 
hand side is also the same as the product of the rotor 
torque and angular speed of the fan rotor. 
hO2 − hO1 = U(cθ2 − cθ1) where U = Ωr and cθ1 =  
0          (3.1) 
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h2 + c2 2/2 − h1 + c2 ½= Ucθ2       (3.2) 
e2 +p2 ρ2+ c2 2/2−e1+p1 ρ1+ c2 1/2 
= Ucθ2       (3.3) 
Equation 3.1 is a simplified form of the energy 
equation from rotor inlet to exit of a ducted fan unit. 
When e1=e2 is substituted into equation 3.3 because 
of incompressibility condition, the “Euler equation” 
or “pump equa- tion” results in as equation 3.4. Using 
equations 3.4 and 3.5, an equation for the calculation 
of static pressure jump between the rotor inlet and 
exit can be obtained. 
The determination of cθ2 is performed by using the 
velocity triangles in Figure 3.4. Since the blade 
inlet/exit angle distribution for 1 and 2 in radial 
direction is known from the existing rotor 
geometrical properties, shown in Table 4.1. w2 can 
be calculated from the assumption that cx2=cx1=c1. 
The absolute rotor exit velocity c2 is determined by 
adding U = Ωr to w2 in a 37 vectorial sense. 
1 ρ(PO2 − PO1) = Ucθ2        (3.4) 
p2 + ρ 
c2 2 2 
−p1 + ρ 
c2 1 2= ρUcθ2         (3.5) 
∆p = p2 − p1 = ρUcθ2 −1 2 
c2 2 − c2 1        (3.6) 
Equation 3.6 allows enforcing a prescribed pressure 
jump p in function of density, radial position, rotor 
angular speed Ω , rotor exit swirl velocity cθ2 , c1 
and c2 . The rate of energy (per unit mass flow rate) 
added to the flow by the rotor is specified by the 
product Ucθ2 as shown in equations 3.4 and 3.5. 
Equation 3.6 could be evaluated at each radial 
position between the rotor hub and tip resulting in the 
radial distribution of the static pres- sure jump 
required by the general purpose viscous flow solver 
for a “Fan” type boundary condition. ∆p can be 
effectively specified in a user defined function “UDF” 
in the solver. The “Fan” type boundary condition is 
an effective and time efficient method of 
implementing a rotor flow field via an “actuator disk 
model” in a 3D viscous flow computation. 
4.4 Auto Cad Design of Model 
 
 
Figure: 1 3D View 
 
Figure: 2 Top View 
International Journal of Research and Innovation in Engineering Technology                  ISSN: 2394 – 4854 
Volume: 01 Issue: 02                                                                                                                           Pages: 27 – 34  
_____________________________________________________________________________________ 
 
 
M.Vijayan, Marlon Jones Louis, M.Sathiesh Kumar      IJRIET | July 2014, Available @ http://www.ijriet.com                                                                 
______________________________________________________________________Page: 31 
 
 
Figure: 3 Front View 
 
 
Figure: 4 Side View 
5. CONFIGURATION, 
AERODYNAMIC, AND 
PROPULSION 
5.1 Vehicle Configuration 
In this study, a new configuration of a UAV is 
proposed, known as the DUAV (Ducted-fan 
Unmanned Aerial Vehicle). The novelty of this 
vehicle is that it combines several features from the 
following configurational varieties: rotorcraft, 
conventional airplane, tail-sitter vehicles, and ducted 
fan UAV. The rationale of establishing most of the 
outstanding features from these flying vehicles on a 
single UAV design is mainly to improve weaknesses 
of one and another. Based on the aimed application 
areas, and in response to the both advantages and 
disadvantages of existing UAVs discussed i, a new 
UAV configuration is proposed as shown in Figure. It 
is a VTOL and ducted-fan type, with two rectangular 
wings, and has a cruciform tail configuration. 
 
         Figure: 5  Ducted fan 
 
Figure: 6 Parts of ducted fan 
Having the VTOL capability, the DUAV takes off 
and lands vertically in the orientation shown at the 
top right section in Figure 3. Hover, fly forward, 
backward, and pirouette can be conducted at any time 
during the vertical flight, encompassing the 
advantages of rotorcraft performance. These 
rotorcraft performances are only part of the 
capabilities that the DUAV can offer. The DUAV is 
able to accelerate vertically, then rotates the whole 
body about 90o, entering horizontal flight, capturing 
the high speed performance of the fixed-wing 
airplane. To land, the DUAV performs a reverse 
maneuver, and descends smoothly to the ground. 
During the entire flight mission, the vehicle can 
repeatedly perform the transition manoeuvres in both 
ways as frequently as required. 
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Figure: 7 The coefficient of lift the duct 
5.2 Adverse Effects of Upstream Lip 
Separation in Forward Flight 
At high angle of attack, the onset separation at the 
upstream duct lip is accompanied by the formation of 
a separation bubble. Existence of a significant 
separation bubble severely distorts inlet flow of the 
fan rotor especially near the leading side and in the 
tip clearance region. Distorted inlet flow causes an 
asymmetric loading of the ducted fan which increases 
the power required for level un-accelerated flight and 
noise level. The immediate results of operating a 
ducted fan in horizontal flight regime especially at 
high angle of attack are as follows: 
 Increased aerodynamic losses and temporal 
instability of the fan rotor flow when inlet 
flow distortion" from the lip separation 
area" ends its way into the tip clearance gap 
leading to the loss of energy addition 
capability" of the rotor. 
 Reduced thrust generation from the 
upstream side of the duct due tothe rotor 
breathing low-momentum and re-
circulatory, turbulent flow. 
 A severe imbalance of the duct inner static 
pressure field resulting fromflow 
momentum fluid entering into the rotor on 
the leading side and high momentum fluid 
unnecessarily energized near the trailing 
side of the rotor. 
 A measurable increase in power demand and 
fuel consumption when the lip separation 
occurs to keep up with a given operational 
task. 
 Lip separation and its interaction with the tip 
gap flow requires much more complex 
vehicle control system because of the 
severe non-uniformity of the exit jet in 
circumferential direction and excessive 
nose-up pitching moment generation. At 
low horizontal speeds a severe limitation in 
the rate of descent and vehicle 
controllability may occur because of more 
pronounced lip separation. Low power 
requirement of a typical descent results in 
lower disk loading and more pronounced lip 
separation. 
 Excessive noise and vibration from the rotor 
working with a significant inlet flow 
distortion. 
 Very complex unsteady interactions of duct 
exit flow with control surfaces. 
6. RESULT 
This project is successfully done through the design 
and as well as fabrication. It can be lift with the 
maximum weight of 4.4 kg and the maximum altitude 
of 1.5 km. With the use of this model patrolling 
service can be achieved. In future surely it will be 
used in several field of airspace. So our innovative 
project which helps in UAV industries has 
successfully done. 
7. CONCLUSION 
This technical paper describes a ducted fan inlet low 
conditioning concept that will significantly improve 
the performance and controllability of VTOL 
\vertical take-off and landing" vehicles, UAVs 
uninhabited aerial vehicles" and many other ducted 
fan based systems. The new (DDF)concept developed 
in this study deals with most of the significant 
technical problems in ducted fans operating at almost 
900 angle of attack, in the edge-wise light mode. The 
new concept that will significantly reduce the inlet lip 
separation related performance penalties in the 
edgewise light zone. The current concept 
development uses a time efficient 3D computational 
viscous low solution approach developed specifically 
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for ducted fan. The present study summarizes only 
the most optimal approach after evaluating nine 
different double ducted fan geometries for a wide 
range of edgewise light velocities.  
This can also be implemented as a Variable Double 
Ducted Fan"(VDDF) for a much more effective inlet 
lip separation control in a wide range of horizontal 
light velocities in UAVs, air vehicles, trains, buses, 
marine vehicles and any axial flow fan system where 
there is significant lip separation distorting the inlet 
flow. 
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